Objective: To evaluate the relationships across a range of glucose and insulin measures at 12 weeks of gestation with the development of pregnancy-induced hypertension (PIH), gestational diabetes mellitus (GDM) and birth size. Materials and methods: Prospective study of pregnant women booking before 15th week of gestation. At the first antenatal visit, standard measures of height, weight, blood pressure (BP) and social status were recorded, and blood sample was drawn for measurements of fasting glucose and plasma insulin. Oral glucose tolerance test with 75 g glucose load was performed after overnight fast. Odds ratios (ORs) with 95% CI were calculated to determine the risk of developing PIH or GDM depending on quartiles of blood glucose or tertiles of plasma insulin levels. Results: One thousand six hundred and fifty pregnant women were included in the study. Of them, 1484 delivered a live infant of whom 70 were preterm, 166 did not complete the study, 155 mothers developed PIH (10.4%), 18 were diagnosed with GDM (1.2%) and four had both PIH and GDM. At 12 weeks of gestation, women who became hypertensive were heavier (P!0.001), with higher BMI (P!0.001) than controls. Both systolic (P!0.001) and diastolic BPs (P!0.001) were already higher in women who developed PIH. Fasting insulin concentrations were higher in PIH group (P!0.002). Fasting glucose level O6.8 mmol/l was associated with the likelihood of delivering a macrosomic baby (OR 3.1 (95% CI: 1.21-8.0); PZ0.02); the effect was heightened in multiparous mothers (OR 4.0 (95% CI: 1.4-11.1); PZ0.01). Fasting plasma insulin had, however, no effect on size at birth in this study. Conclusions: Our data suggest that women who develop PIH may be metabolically challenged at early stages of pregnancy with hyperinsulinism, insulin insensitivity and slightly higher BP.
Introduction
Pregnancy-induced hypertension (PIH) and gestational diabetes mellitus (GDM) are frequent complications affecting 7-10% and up to 5% respectively of all pregnancies (1) . Both are associated with high maternal and fetal mortality and morbidity risks. PIH is a leading cause of fetal growth restriction and includes preeclampsia. Onset is predominant in the late second or third trimesters of pregnancy. GDM is associated, in the fetus, with an increased risk of adverse perinatal outcomes (2, 3, 4) and childhood obesity (5, 6) . Recent data suggest that the risk at mid gestation is represented by a continuous graded relationship with high maternal glucose albeit at concentrations less than those observed in overt GDM (3) . In the mother, 20-60% of those with GDM will go onto develop type 2 diabetes mellitus and an adverse cardiovascular profile (7, 8) .
Normal pregnancy is a carbohydrate-intolerant state characterised by a progressive increase by the dose response of insulin to glucose (9, 10) , suggesting that women who are pregnant become insulin resistant with the duration of gestation. Pre-existing hyperinsulinaemia and/or hyperglycaemia has been documented in early or mid pregnancy, before the development of preeclampsia (11, 12) , gestational hypertension or both (13, 14) . Women with PIH during the third trimester of pregnancy displayed marked hyperinsulinism in response to an oral glucose tolerance test (OGTT) compared with normotensive controls (7, 8, 15) .
Whether pregnancy simply serves to amplify tendencies towards higher blood pressure (BP) and GDM remains unclear. If this proposition is the case, then alterations in BP and glucose parameters within the normal range should be apparent in the early stages of pregnancy in those who may go onto develop PIH and/or GDM.
We have, therefore, evaluated the relationships across a range of glucose and insulin measures at 12 weeks of gestation with the development of PIH, GDM and birth size in an unselected Caucasian population.
Materials and methods
Patients were recruited in a prospective manner at first presentation to the Department of Obstetrics and Gynaecology at University College London Hospitals. The study was approved by the Research Ethics Committee of University College London Hospitals, and informed consent for participation was obtained from the mother at the commencement of the study. The inclusion and exclusion criteria for the study have been detailed previously (16, 17) . Pregnant women were included if they had their first antenatal visit before 20 weeks of gestation, underwent an ultrasound examination demonstrating a structurally normal single fetus and were of Caucasian origin. Women were excluded if they suffered from chronic inflammatory or thrombotic disorders or had a preterm delivery or previous pregnancy complicated by pre-eclampsia, PIH or antepartum haemorrhage or had pre-pregnancy diabetes.
Gestational age was determined from the last date of menstrual period if the date was certain or estimated according to the results of the first obstetric ultrasound. Mothers were recruited in the first trimester (defined as 13 weeks plus 2 weeks to accommodate error on gestational age estimation). Maternal height was measured with a stadiometer (Holtain Limited, Crymych, UK) and recorded to the nearest 0.1 cm. Weight was measured using Seca scales (CMS Weighing Equipment Limited, London, UK) and recorded to the nearest 0.1 kg. BMI was derived from these measures. Current cigarette consumption was categorised as non-smoking, !10, 10-20 or O20 cigarettes/day. Socioeconomic status was determined from age at which full-time education was completed, marital status, occupation and partner's occupation, and social class assignment was made using the classification of the United Kingdom Office of Population Census and Statistics (18) .
BP was recorded as the mean of three recordings taken at 1-min intervals after a 5-min rest period using an automated sphygmomanometer (Datascope Accutorr Plus, Birmingham, UK) in a standard room temperature environment of 19-22 8C with time of day noted. Appropriate-sized adult BP cuffs (extending completely around the arm with a bladder width covering at least two thirds of the upper arm) were used. Hypertension in pregnancy was defined as BP O 140/90 mmHg.
At the first visit to the clinic, a blood sample was drawn from each participant for the measurement of fasting blood glucose and plasma insulin concentrations. An additional routine fasting blood glucose concentration was measured at 28 weeks of gestation. Standard care was provided for all mothers and all were assessed for glucose tolerance during the progression of the pregnancy. The obstetric team caring for the mother was unaware of the results of the early pregnancy blood glucose and plasma insulin results. A provisional diagnosis of gestational diabetes was made if on oral glucose loading dose of 75 g administered after an overnight (8-18 h) fast, the 2-h blood glucose concentrations was R9.0 mmol/l (160 mg/dl), and an actual diagnosis made if there was complete return to normal of the GTT, performed under similar conditions, 6 weeks after delivery.
Birth weight was measured using electronic selfcalibrating scales (Secascales, CMS Weighing Equipment Limited, London, UK) and length by infantometer (Child Growth Foundation, London, UK). Three separate measurements were taken and the mean was recorded. The coefficient of variation (CV) of the measurement error for length was 0.15% based on ten infants each measured five times.
Glucose and insulin assays
Blood glucose concentration was measured using a Yellow Springs blood analyser (Yellow Springs, OH, USA). Plasma insulin concentration was measured by RIA (Diagnostic Science Laboratories, Webster, TX, USA), which recognises total insulin. The within-assay CV values were 8.2, 4.8 and 6.3% at plasma insulin concentrations of 4.8, 17.6 and 54.6 mU/l respectively. The between-assay CV values were 11.2, 9.5 and 6.5 at plasma insulin concentrations of 4.9, 16.6 and 49.7 mU/l respectively. Standards were calibrated against the WHO RP (83/500). Assay sensitivity was 1.5 mU/l.
Statistical analysis
All data were explored for the normality of their distribution and log transformed where appropriate. Birth weight was expressed as a SDS using the UK Growth Reference Data (19) to allow comparison between the sexes and at different gestational ages to account for obstetric preference to deliver at an earlier gestation. Macrosomia was defined as a birth weight OC2.0 SDS. c 2 test was used to compare frequency distributions. Odds ratios (ORs) with 95% CIs were calculated to determine the risk of developing PIH or GDM depending on blood glucose or plasma insulin concentration. For glucose, the HAPO study cut-points (3) were used for direct comparison whereas for insulin, tertiles were used as not all mothers had insulin measures available. Student's independent t-test was used to compare measures between mothers that did not develop PIH and GDM and those that did. BP was adjusted for current size using regression analysis.
Results

General
Of the 1790 pregnant women who fulfilled the entry criteria, 1650 (92%) agreed to participate. Mothers who accepted to participate did not differ from those who refused in terms of pregnancy or pregnancy outcomes. Of the 1650 women, 1484 delivered a live infant of whom 70 were preterm deliveries and 196 developed complications of pregnancy. Of the 166 who did not complete the study, 127 had moved away or been lost to follow-up, 28 had either a miscarriage or termination of pregnancy and 11 withdrew; 155 mothers developed PIH (10.4%); 18 were diagnosed as GDM (1.2%); and four mothers had both but because of the small number are not considered further. The remaining 1307 mothers served as a control group. Maternal anthropometric measurements as recorded at the first antenatal attendance were not different from the general UK population. Social class distribution was also similar to that of the UK population with slight preponderance of social class II (class I: 13%; class II: 41%; class III: 21%; class IV: 12%; and class V: 11%; PZ0.14). Mean maternal age (PZ0.06), gestational age at booking (PZ0.27) and smoking status (PZ0.82) were comparable (Table 1) .
Pregnancy-induced hypertension
At 12 weeks of gestation, women who became hypertensive later in pregnancy were heavier (P!0.001) and had a higher BMI (P!0.001) than controls (Table 1 ). There was a higher percentage of para 0 mothers who went onto develop PIH and a statistically but possibly not clinically significant earlier gestational age at delivery. Systolic (P!0.001) and diastolic (P!0.001) BPs at the first antenatal visit were already significantly higher in those women who became hypertensive later in pregnancy. This effect remained when BP was adjusted for current body size (P!0.001).
Mean basal fasting blood glucose concentrations were similar between those that did or did not develop PIH whereas fasting plasma insulin concentrations were significantly higher in the PIH group (PZ0.002) with a consequent increase in HOMA b-cell function (PZ0.001) and insulin resistance (PZ0.001) in PIH (646G48% and 4.0G0.4 respectively) compared with For presentation, the P value refers to ANOVA across the three groups. Fasting blood glucose concentrations O6.1 mmol/l were associated with an increased risk of developing PIH ( Table 2) as was fasting plasma insulin concentration ( Table 3 ). The insulin effect was heightened when nulliparous mothers were excluded (OR 3.18 (01.35-7.52); PZ0.009). Combining the glucose and insulin data (Table 4 ) revealed a higher proportion of mothers with PIH with higher glucose and insulin concentrations.
Gestational diabetes mellitus
Women who developed GDM were not heavier but had a significantly higher BMI (PZ0.03) than those that did not ( Table 1) . Mean basal fasting blood glucose concentration was higher in those that went onto develop GDM (P!0.001) as was fasting plasma insulin concentration (PZ0.008).
Fasting blood glucose concentrations O6.8 mmol/l were associated with an increased risk of developing PIH ( Table 2 ) but fasting plasma insulin concentration was not ( Table 3 ). When analysis was confined to multiparous mothers, plasma insulin concentrations O20 mU/l were associated with an increased risk of developing GDM (OR 3.18 (1.35-7.52); PZ0.009). Combining the glucose and insulin data ( Table 4 ) revealed an increased proportion of mothers with GDM as fasting glucose and insulin rose, although this did not achieve statistical significance unless analysis was confined to multiparous mothers where the effect was limited to those with a fasting blood glucose O6.1 mmol/l and a plasma insulin either !20 mU/l (7.8%) or O20 mU/l (4.3%) (c 2 8.17; PZ0.04).
A fasting blood glucose concentration O6.8 mmol/l was associated with a threefold likelihood of delivering a macrosomic baby (ORs 3.1 (95% CI: 1.21-8.0); PZ0.02) with the effect heightened in multiparous mothers (ORs 4.0 (95% CI: 1.4-11.1); PZ0.01). Fasting plasma insulin concentration had no statistically significant effect on size at birth in this study. The blood glucose concentration at 28 weeks of gestation did not impact on the likelihood of developing PIH, GDM or macrosomia (Table 5 ).
Discussion
These data demonstrate that BP and blood glucose and insulin resistance are already present in those mothers that are destined to develop PIH. The BP differences were within the normal range of pressures. Although it is known that normotensive and essential hypertension women exhibit a fall in their BP in late first to early second trimester of pregnancy, with rise to prepregnancy levels occurring in the third trimester (20) , our findings of higher BPs in those women who later developed PIH are consistent with a pre-pathological state. As noted in several studies, women who developed PIH were heavier (10, 11) than those that did not and that evidence of hyperinsulinism and insulin resistance was present and associated with the subsequent development of PIH.
Interpreting blood glucose and plasma insulin concentrations in isolation needs to be tempered with the realisation that these two measures change with respect to peripheral insulin sensitivity and b-cell function and that different concentrations reflect different stages in the evolution of diabetes (21) . Hyperinsulinism (fasting plasma insulin concentration O20 mU/l) was associated with a higher prevalence of PIH and this effect was heightened in those mothers with fasting blood glucose O6.1 mmol/l ( Table 4 ). These findings are consistent with previous reports linking PIH and insulin resistance (13, 22, 23) . Our findings extend these observations to a much earlier time point in pregnancy before major increases in placental hormones that are known to be insulin antagonistic (24) and suggest that PIH is predisposed, but not exclusively, by higher BP and hyperinsulinism in the mother antedating the pregnancy.
Although the mechanism that links hyperinsulinism and PIH remains unclear, insulin resistance is sited essentially in peripheral muscle and is probably mediated through the non-oxidative intracellular pathways of glucose disposal (25, 26) . Insulin per se has direct effects on vascular smooth muscle and epithelium: hyperinsulinaemia increases vascular resistance by inducing smooth muscle cell hypertrophy or endothelial dysfunction leading to vasoconstriction and stiffening. Through its action on the sympathic nervous system, it also stimulates the release of epinephrine, thus increasing heart rate and systolic BP (25, 27) . Indirect effects may operate via the lipid changes that are induced by hyperinsulinaemia that promotes arteriosclerosis and subsequent arterial stiffening and narrowing. The gestational diabetes findings are consistent with those of the HAPO study (3) with respect to the predictive nature of fasting blood glucose on the development of GDM and outcomes such as macrosomia. Our findings extend those of HAPO to demonstrate that determinants of GDM are present earlier in pregnancy towards the end of the first trimester. There was a fourfold increase in risk of developing GDM if the fasting blood glucose was O6.8 mmol/l. The impact of fasting insulin was clear but neither blood glucose nor plasma insulin should be considered in isolation. Table 4 highlights this with a steady increase in percentage of mothers with PIH with high plasma insulin concentrations. High blood glucose concentrations appear to amplify the effect. In mothers destined to develop GDM, blood glucose was high and plasma insulin was low, a state suggestive of pancreatic decompensation and consistent with the concept of the failing b-cell proposed by De Fronzo et al. (21) . The effect was more prominent in multiparous mothers, which might imply a reduced ability to increase b-cell function with subsequent pregnancies. The numbers with GDM in this cohort were lower than might be expected from the literature (1, 6) , which may reflect the focus in this study on one particular ethnic group and the exclusion of pre-morbid conditions that might impact on fetal growth.
Screening for glucose problems in pregnancy needs to utilise simple tests due to the high throughput of most obstetric units. Our data and those of others (22, 23) show that fasting and/or postprandial blood glucose concentrations may not be enough as a proportion of mothers go onto develop PIH from a background of a normal blood glucose concentration but with hyperinsulinism. International recommendations from the 5th International Workshop conference on GDM are focussed essentially on the screening strategy to detect GDM but whether further consideration needs to be given to earlier detection through glucose and insulin measures of a tendency to PIH development needs further consideration.
These data suggest that women who develop PIH in their late pregnancy may be metabolically challenged at the early stages of pregnancy with hyperinsulinism, insulin insensitivity and slightly higher BP in comparison with normotensive controls. The findings and those reported by others are consistent with the view that elements of PIH and GDM have associated glucose and insulin changes already present before pregnancy and that pregnancy may amplify the situation.
Novelty and significance
The link between insulin resistance and PIH has been described in other studies (ref (11, 12, 13, 14) in the text).
What is new?
Our study adds to the existing body of evidence that preexisting hyperinsulinism is effectively associated with the development of PIH and GDM. We specifically show that patients likely to develop PIH and GDM could be depicted in early pregnancy by simple tests such as fasting plasma insulin and fasting blood glucose.
What is relevant?
Our results tend to suggest that preventive measures for a high-risk population can be designed in future with hope to reduce the incidence of PIH and GDM, two conditions that are linked with both maternal and fetal complications. 
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